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SUMMARY

An investigation et low speed to determine the static stability
and. damping-in-roll characteristics of & number of low-aspect-ratio
wings including swept wings of epproximately triengular plen form
hag been mads in the Langley free~flight tunnel and the 15-foot free=-
spinning tunnel. The static longlitudinal stebility, directional '
stebllity, effective dlhedral, and damping in roll were investi@.ted.
for a rangs of 1lift coefficient througn maxinm 11f%G.

It was Tound that the unswept tapered wings showed a tendency
toward decreased longitudinael stability at low angles of atiack as
the aspect ratlo was reduced. For the swept wings the neutral point
moved rearward with respect to the quarter chord of the mean aero-
dynamic chord as the sweepback increased. In general, the effective
dilhedral and directionsl gtability increased wlth an increa.se in
1ift coefficlent and with & reduction of aspect ratio.

The unswept wings showed no conslstent variation in damping
In roll with 1ift coefficient for 1lift coefficlents below neximum
1lift; vhereas the triangular snd swept tapered wings in general
showed & reduction of damping in roll with increasing lift coefficient
and In some cases becams unsteble before meximun 1ift was reached.
The demping in roll decreased as expected with aspect ratlo. Experi-
mental values of the damping in roll were generelly smaller than the
theoretical values.

INTRODUCTION

The recent trend toward the use of low-aspect-ratio wings :E'or
high-speed Plight requires that the low-speed stability and control
characteristics of such confisurstions be determined. Soms work has
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been done to determine the.static. stebllity characteristics of
unswept low-aspect=ratlio wings (fpr example , reference 1). The
nregent investigation was wndertaken to extend thils work to Include
the damping-in~roll and static stabllity characterlstice of both
swept and wnswept low-aspect-ratio wings. The swept wings were of
trianguler or approximately trlanguler plan form.

This Investigation consisted of force and darping=in-roll
toats of 18 wings having different aspect ratios, taper ratios,
and asweepback angles. Moat of the wings wera of low aspect ratlo
(aspoect ratlio § 3) although four wings of higher aspect ratio
were included for compariason. '

SYMBOLS

A1) forces and momenits were referred to the stabllity axss
which are defined in fligure L. The rolling, yawing, and pitching
moments weru all referred to the quariter-chord point of the mean
aerodynamic-.chord. Ho corrections for the effects of the Jet
voundaries or the.support strut interference were_spplied to the
data. The synbols and coeflficients used 'in the present paper axve:

S wing srea, squarc feet ' ) -
v airspeed, feet per second | |
b wing span, feet
c chord, feet

b/2
c mean aerodynemic chord, feet, 5‘3 c? db

Cp root chord, feet

Gy tip cﬁord., feot

A, /. engle of sweepback of guariter-chord line of wing, degroes
A taper ratio (ogfop) |

o angle of.attack, degrees -

angle. of . yaw, degrees
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angle of sideslip, degrees (B '= -¥)

mags density of alr, slugs per cublc foob
dynemic pressure, pounds per squere foot - 1pV2>
aspect ratio k ) )

11f% cosfficient (E?)
g

drag coefficient D..E'.g.@)
&

Pitching monent

pliching-moment coefficient

| N
rolling<moment coefficient GOumgb mmﬁmD
: a

yawing-moment coefficient C.{awing moment
gsShb

-,

rolling anguler velocity, radians per éecond

rolling-anguler ~veloclty factor of hellx angle genera'bed.

by wing tlp in roll, radians

rate of change of rolling-moment coefficient with rolling-

engular-velocity factor ( )

rate of change of rolling-moment cosfficisnt with angle of

sideslip in degrees SJ-.
.OB

rate of change of yawing-moment coefflcient wlith angle of
sldeslip in degrees ——-9

oCr,
lift-curve slope ( )
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APPARATYIS, MODELS, AND THSTS

Force snd damping-in-roll tezts wore made on each cf the 18 wings
described in teble 1. In order to Tacilltate the wing conetruction,
most of the low-aspect-ratio wings were of flat-plate eirfoll sectlon,
for past experience has shown that at low espect ratios {approximately . 2
or less) the cholce of airfoils has little effect on thie serodynamlc
characteristics of a wing. The geometric d.igg_n_]ral of the moan

thickness line was zera for all of the wings oXcopt wings 4 and 6,
vhich had -0.6° and ~1.9° dihedrel, respectively.

The force tests were made on the six-component balance of the
Lengley free~flight tumnel. (Fo s complete description of the
balance and tunnel see referentes 2 and 3, rospectively.) The tests
conglsted of measurements through a ranges of angle of atvtack from
small negatlve s.ngles ‘through the angle of maxlrmun 11ft wiih angles
of yew of 0°, 5°, and -5°, 'he valuss of the lateral stability
derivatives =0y 8 and Cnﬁ wers determinod from the rolling-moment

and yawlng-moment data at 5° and -5° yaw.

The damping-in-roll tests were made on & rolling rig in the
Langley 15=foot free-spinning tunnel (refersnce 4) by the method
deogcrived in reference 5. The values of the demplug~in-roll
derivetive C-;, woere determined from the slopes of curvos of O
sgainst IO for several rotational spesds between L0 = 0.1 and
-0.1 at a.ngles of attack rang;inr irom amall nega-tive angles througch
maximum lift.

All the tests were meds at a dynemic nyessure of 3.0 pounds per
square foot which corresponds to Roynoldy numbers from 166,000 to
1,150,000 based on the mean aerodynamic chords of the wings tegted.
The rolling, yewing; and piichlng moments were all roferred te the
guarter-chord noint of the mean serodynamic chord.’

RESULTS AND DISCUSSION

The besic date from the low-agpect-raliic investlgation are
prosented in filgures 2 to 6 and o swmary of the reasults prepared
from the basic dats is presenbted In figures 7 to 12.
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Thé wings have been divided into five groups for convenlence
in presentatlon and discussion, namely:

§1) Rectanguler with conventional airfoil (wings 1, 2, and 3)
2) Unsxgep’c., 'ba.%)ere_d with conventional airfoil (wings 4, 5,
, and 7
(3) Unswept, tapered with flatrplate elrfoil (wings 3, 9, and 10)
(4) Trianguler with flat-plate airfoil (wings 11, 12, 13, and 14)
(5) swept, ‘t%:)xered. with flat-plate airfoil (wings 15, 16, 17,
and 1

Care should be talken in interpreting the results of the present -
low-scale tests in terms of full-scale airplenes, although some
correlation of the date for the triangular wings with full-scale
tests has been obtained Ffrom unpubllshed force tests of a full-
scale alrplane of approximately triangwler plen form conducted in
the Langley full-scale tunnsl. Ths static stability charaecteristics
of the small-scale models were in good agreement with those of this
Full-scale eirplens. .

Lift Characteristics

For each group of wings the angle of abtbtack for maximwm 1if
increased as the aspect ratlio decreased (figm. 2 to 6), '

The variation of maximum 11ft coefficient with aspect ratio is
presented in figure 7. Wing 8 with the flat-plate alrfoll had a
much lower meximum 1iPt coefficlent than did wing 6 which had the
sane plan form but a conventlonsl airfoll sectlon. Ths low maximm
1ift on wing 8 1s abttributed to & leading-edags separation at small
angles of attack which is common to flat plates of moderate and high
aspect ratios.

For the swept tapered wings the maximum-lift-coeffliclent curves
were falred with the aid of additional points teken from unpublished
free~flight~tunnel data on similar wings. The resulis of flguwre 7
show thet the maximum 1lift coefficient for these wing groups reached
peak values at fairly low aspect rabios (aspect ratios between 0.6
and 2.0). This result is in agreement with the date of reference 1
for straight wings and with the deata of reference 6 for triangular
wings with conventional airfoll sectlons.

The veriation of the lift-curve-slope OCr, with aspect ratio

is presented in Pigure 8. The theoretical variation of the values of
lift~curve slope with aspect ratio for aspect yratios above 3.0 was
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cbtalned by assuuing & seotion Lift-curve slope Qf.O.lO-per degrec
and ap»lying the calculation methods of roference T. For aspect
ratios bPelow 1.0 the Ffollowlng equation

A

el &

1
C = e
Lo 572

obtained from refemvence 8 was uged, The theoretbical curves were
faired in for the aspect ratiocs beiwsen 1.0 and 3.0. Figure 8 shows
good agrecment between theoretical and experimental reeults and,

in ¢encral, indicates that at the low aspect ratlcs the lift-curve
glope ig independent of plan form and at the high asvect ratios the
experimental values of lift-vurve slope are sllphtly less than those
prodicted by theory when the seotion l*ft-curve slope 1s ssgumed to
be 0.10 per degree, : .

Longitudinal Sitabllity Characteristlcs

The rectanguler wings 1, 2, and 3 showed no change in longi-
tudinal stability with a decrease in aspect ratlo. The unswept
tapered wings 4 to 10, however, shewed at low angles of attack a
tendency toward lower longltudinal stability with decreased aspect
retio similar to that previously rcported in relference 1. Although
for the low-aspect-ratio unewent wings 8, 9, and 10 there was no
marked chenge of static mergin (-dCp/dCr) with asmect ratio
(fig. 4), within this vdnge of asgpect ratios (3.0 fto 0.5) the
swoptback wings 11 to 18 showed an increase -in statlic margin with
increasing sweepback -and decreasing aspect ratic (figs. 5 and 6).

Thig effect of sweep on the static margin is illustrated in flgure 9
which indicates the rearward movement of the asrodynamlc center
relative to the guarter chord of the mean aerodynamlc chord as the
sweenback increages. The extrapolated curve for the triangcular wings
in figure 9@ indicates, that the aseredynamic center 1s nrobably located
at approximately the 25-percent mean sorodynamic chord for zeroé
sweopback and approaches the 50-percent mean avrodynsmic cliord

(or the center of area) for the hypothetical case of & triangular wing
with 90O sweepback (refersnce 9).

On the triancular and swept tapered wings the static longi-
tudinal stability at—the stall decresased with an increase 1In sweepback,
Reference 10 which includes data for wing 6 and wings 9 to 17 as well
ag other plan forms tested at differsnt scales shows that as the
sweepback is increassd low aspect ratlos must be, used to maintein
satisfactory longitidinal stebility at the stall.

-
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Lateral Stabllity Characteristics

Static stability.- The offective dihedral increased with 1lift
coefficient but, since this variation in most cases was not linear,
it was not possible to compare the data for the different wings by
the values of d4Cy B /d.CL (ra.te of change of effective dlhedral with

1ift coerficient). The changes in effective dihedral with aspec'L
ratlo are indicated insteed in figure 10 for an arbitrary 1lift
coefficient of O.4. The effective dihedral increases with decreasing
aspect ratio with the greatest chenge at the very low aepsct ratios.
The experimental results arc compared wlth the sguation

G
"C = —]'_._-.g.._L_
REEEE |

which was derived in reference 8. This eqnation was derived for
triangulear wings of aspect ratio less than J.0 but a consideration
of the assuwnpbtions involved. in its derivetion indicates that 1t
should be &pplicable to wings of higher aspect ratios. Theory
indicates the sare generel trend as the oxporimental results but
the experimsntal values of efTective d.ihedra" are co;.siﬂ‘era.'bl}' lese
then the theoretical valuss. -

The directional, stabllity increased with increase in 1ift
cosfficient for all of the wings except winge 14 and 18, The verlation
of directional stebility with aspect “atio at & 11ft cosfflcient
of 0.4 is. presented in figure 11l. This figuwe indicates that the
directional stability increases with decreasing asnect ratio except
for aspect ratios below 1.0, at which, decreasing the ashect ratio
decreased the dlrectional stability.

Depmping in roll.- The unswept wings 1 to 8 showed no consistent

variation of damping in roll with 1ift coefficient except Ffor sngles
of attack near maximum 1lift, et which the darming in rcll docreased .
toward instability. Wings 9 and 10 showed an inconsistent variation
of damping in roll through the lift-ccefficlent range and, in general,
had less damping at the hicher 1ift coefficients.  The éwept wings 11
to 18 showed & decrease in damping in roll with increasing lift
coefficient before the maximuw 1ift was reached. This decrease in
dsrping in roll with 1ift coefflclent for highly tapered gweptback
wings 1s probably caused by a premabture wing-tiy stall.

A cross plot showing the variation of dami:ing In roll with
aspect ratlio 1s presented Iin flgure 12. For the flat-plateralrfoil
wings, the damping-in-roll values at zero 1lift are given but, for the
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cambered-alrfoll wings, the maximum values of damping in roll are
glven because dovbtful veluss are obtained at zero lift because of
the poasible separation from the lower surface of the wing. This
flgure shows the ususl trend of decreasing damping in roll with
decreasing aspect ratlo. The theoretical variation of the values of
the deamping~in-roll derivative Czp with aspect ratio for aspect

ratios above 3.0 were obtalned from rsference ll. A section-lift—
curve, slope of 0.l0 per degree was assumed. For.aspect ratios below 1.0
the following equation

obtained from reference'Blwas aspumed to be wvelid. The theoretical
curves were falred in for the aspect ratlos between 1.0 and 3.0.

CONCLUSIONS

The regults of the tests made 1n the Langley free-flight tunnel
and the 15-foot free-spinning tunnel to dotexmine the static stability
and damping-in-roll characterlstics of lcw-aspect-ratio wings may be
summarized eas follows.

1. Although for the rectenguler wings there was no change In
the longitudingl stability with aspect ratio, the unswept tapered
wings showed & tendency towasrd decreased lonsitudinal stebility at
low angles of atbtack as the aspeot ratlio was reduced.

2. For sweptback wings of approximately itriangular plan form
there was & rearward movement of the aerodynamic center with respect
to the quarter chord of the mean aerodynamic chord as the sweephack
increased. Resulte indicate that for trilanguler wings the aerodynamic
center moves from approximately 25 percent to 50 percentof the
mean aerodynamic chord (o the center of ares) as the sweepback is
varied from O° to 90°.

3+ The effectlive dihedral and directlonal stebility in most ceses
Increased with Increasse in 1lift coefficient,

b, At low 1lift coefficlents the effective dihedral and directional
gtabillty increased with decreasing aspect ratio excapt that the
directlonal stability of the wings of sapect ratic helow 1.0 decreased
sherply with decrease 1n ampect ratlo,
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5. Unswept wings showed no consistent variation of damping in
roll with 1ift coefficient except for angles of attack neer maximum
1ift where the damping in roll @ecreased toward instability. The
trianguler and swept tapered wings -in, senera.l showed. & reduction in
damping in roll with increasing lift coefficient and in some cases
'beca.me unsta‘ble before me.ximm 1ift was reached.

L1

6. The damping in roll decrea.sed wlth aspect ratio as would be

expected. The experimental values of damping in roll were generally

smaller then the theoretlcal values..

Leéngley Memorial Aeronauvtical Laboratory
"~ » Nationel Advisory Commitbtee for Aeronautics
Langley Field, Va., July 21, 1947
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TABLE 1
DIMENSIONAL CHARACTERISTICS
OF THE WINGS

#wing i Plan form

(No¥ to scale) r; tiof

ratio
A

ba,

Sweep-\Sweep| Atr - | Area|Span| Root| Tip | MAC

lback of | Foil s chord |chord
. b : z
fagg) (@) e tn) (/% (/g.t) (:11)

(deg)
/ [ — 600|LO0 | O O |RS635) 2.67 |4800| 840 8O0\ 8.00
2 — 43610 | 0 | O {Re3s| 2.05|36.00| 8251825 | 8RS
3 f:l 158110 O | O |RS6-35| L68 [20/0|12.00 /2.00|/2.00)
¢ PS=—="000] 5 | 19 | 38|ese33| 2.50|6000 400|623
5 | 6oo| 5 | 32| a4|reuizer lesoguse|sto| a0
s | T2 |aool| 5| o s3lessss|es7 |3a0d508\254| 173
7 O 200{ .5 | O| asesess|2.67 (22 00|/8.50)| 9.25| /439
8 2 jaool 5| 0] 63 FR| 267 [3400|/508| 254|/473
9 O ool .51 o |ras|re |267 |1260|2620y3.10)2037
/0 O $0|..5 | 0 |336lFp |267 |/388|3690845|2870
1/ N nlaoco| 0 |449|530|FE | 267 |3400|2260] O U507
2 A lzpo| o |563|s3¢|FP |267|2270)2770] 0 liaa7|
/3 A ool o |ws %0|FP (267 /1260|3920 O [8/0
14 A - | 50 0 |soe 829\ Fp |267 [1asslos4 © 3693
15 D - |200| .2 |449|520| AR |2.57| 222012250 4521557,
/6 A oo | & |aas|s30\Fp | 2.00|rm0d2260l1.30| r259]
/7 O - | 33| .5 716 | 760| £ | 200| 9.80\33.201960)3029
/8 0 47| .5 | 804| 829|FP | 200| s.94|55402770| 4305

HATICNAL ADNTSORY
COMMITTEE FON ASAOKAUTICS

a D;mca/ airfoil sections taken in planes parallel fo the. plane

of symmetry are showrn in'the following skefches:

RhoHe 5t Genese 35  acurfod
{Desgmated as Rsa, toordinales

gven m reference (2}

-—\-l?adws nf):e 98"
4

iy e
Typical flat plite airfoil ~

(Designated as £P)

-
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Wind
direction

X -‘—J
WI nd
direction \Z
A

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- The stability system of axes. Arrows indicate positive
directions of moments and forces. This system of axes is defined
as an orthogonal system having the origin at the center of gravity
and in which the Z=-axis is in the plane of symmetry and perpen-
dicular to the relative wind, the X-axis is in the plane of symmetry
and perpendicular to the Z-axis and the Y-axis is perpendicular
to the plane of symmetry.
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Figure 3.~ Aerodynamic characteristics of unswept tapered wings with conventional airfoil.
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Figure 5,- Aerodynamic characteristics of triangular wings with flat-plate alrfoil.
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Figure 6,- Aerodynamic characteristics of swept tapered wings with flat-plate airfoll.
(Wings 15, 18, 17, and 18 of Table 1.)
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Figure 7.~ Variation of maximum lift coefficlent with aspect ratio. (Wings 1 to 18 of Table 1.) o
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Figure 8.~ Variation of lift-curve slope with aspect ratio at Cp = 0. (Wings 1 to 18 of Table 1,)
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Flgure 9.- Variation of aerodynamic-center position with sweepback, (Wings 11 to 18 of Table 1.)
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Figu.re 10.- Variation of effective dihedral parameter with aspect ratlo at C; = 0.4.
(Wings 1 to 18 of Table 1.)
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(Wings 1 to 18 of Table 1.)

\

Variation of directional stability parameter with aspect ratio at Cy = 0.4.

Figure 11.-
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Figure 12.- Variation of damping-in-roll parameter with aspect ratio at CT =0 for

wings 8 to 18 and at maximum values of damping in roll for wings 1t0 7. (Wings 1

to 18 of Table 1.)
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